Kinetics and active site dynamics of Staphylococcus aureus arsenate reductase.
Arsenate reductase (ArsC) encoded by Staphylococcus aureus arsenic-resistance plasmid pI258 reduces intracellular arsenate(V) to the more toxic arsenite(III), which is subsequently extruded from the cell. It couples to thioredoxin, thioredoxin reductase and NADPH to be enzymatically active. ArsC is extremely sensitive to oxidative inactivation, has a very dynamic character hampering resonance assignments in NMR and produces peculiar biphasic Michaelis-Menten curves with two V(max) plateaus. In this study, methods to control ArsC oxidation during purification have been optimized. Next, application of Selwyn's test of enzyme inactivation was applied to progress curves and reveals that the addition of tetrahedral oxyanions (50 mM sulfate, phosphate or perchlorate) allows the control of ArsC stability and essentially eliminates the biphasic character of the Michaelis-Menten curves. Finally, 1H-15N HSQC NMR spectroscopy was used to establish that these oxyanions, including the arsenate substrate, exert their stabilizing effect on ArsC through binding with residues located within a C-X5-R sequence motif, characteristic for phosphotyrosine phosphatases. In view of this need for a tetrahedral oxyanion to structure its substrate binding site in its active conformation, a reappraisal of basic kinetic parameters of ArsC was necessary. Under these new conditions and in contrast to previous observations, ArsC has a high substrate specificity, as only arsenate could be reduced ( Km=68 microM, k(cat)/ Km =5.2 x 10(4 )M-1s-1), while its product, arsenite, was identified as a mixed inhibitor ( K*iu=534 microM, K*ic=377 microM).